Three piglets were ventilated with a TVM-ventilator, which releases predetermined volumes of compressed gas into the airways. The inspiratory flow depends on the pressure and volume of the compressed gas and compliance, resistance and inertia of the lungs, thorax and abdomen of the subject. The time for half filling of the chest was less than that of the abdomen and the difference increased with high driving pressure (with high acceleration). The difference was thus most probably a result of greater inertia of the abdomen. Inertia also seemed to influence the emptying of the lungs. This was so slow that increase of FRC-air trapping-was seen at a ventilatory frequency of 30 b.pjn. The practical consequences of these findings are that the abdomen (diaphragm) will take less and less part in ventilation and that a phase lag between chest and abdominal breathing should become larger with increasing ventilatory frequency. FRC will increase in regions with expiratory obstruction and lung rupture may follow.
The partition of gas between various lung regions has been shown to be governed by airway resistance and compliance of the lung, rib cage and of the abdomen (Konno and Mead, 1967; Grimby, Hedenstierna and Lofstrom, 1975) . A thorough discussion of these factors has been given by Sybrecht and others (1976) who, in contradiction to Robertson, Anthonisen and Ross (1969) , concluded that neither airway resistance nor compliance could explain why relatively less gas went to diaphragmatic lung regions during rapid as compared with slow inhalations in the supine position. A difference in intrapleural pressure was considered to be the only remaining factor that could explain the phenomenon during spontaneous breathing. Such a pressure difference must be a result of phase lag between thoracic muscles and diaphragm. A phase lag between thoracic and abdominal breathing movements at increasing ventilatory frequency has also been noted recently by Faithfull, Jones and Jordan (1979) .
The purpose of this study was to observe time constants for the movement of chest and abdomen using rapid inflation of gas in animals in which complete neuromuscular block had been induced. 
MATERIALS AND METHODS
Three piglets of the Swedish native breed were investigated in 12 experiments. Piglet I (weight 12 kg) took part in experiments 1, 2, 7 and 8, piglet II (7 kg) in experiments 3, 4, 9 and 10 and piglet III (8 kg) in experiments 5, 6, 11 and 12 (table I) .
A combination of droperidol (Dridol) 1-2 mg kg" 1 and ketamine (Ketalar) 30-50 mg kg" 1 injected i.m. was used for anaesthesia. Alcuronium (Alloferin) 1-2 mg was given i.v. when necessary for the maintenance of neuromuscular block.
The piglets were studied in the supine position and the trachea intubated with a cuffed orotracheal tube (Portex no. 5), connected to a Tidal Volume Monitoring ventilator (TVM-ventilator) (Lindahl and Okmian, 1979) and the lungs ventilated with air.
The TVM-ventilator ( fig. 1A ) was used for artificial ventilation, as it allows independent changes in driving pressure, tidal volume and ventilatory frequency. The ventilator consists of rigid chambers in which the breathing gas is compressed. When opening the inspiratory valve, air flows into the airways and lungs until a pressure equilibrium between the chamber and the airways and lungs is reached. The pressure difference P^-Pi ( fig. 1B ) is adiabatic and proportional to a certain amount of gas, which depends upon the volume of the pressure chamber. In this apparatus the pressure chambers had volumes rendering compliances (C vent ml kPa" 1 ) of 20, 40 and 80 ml kPa-1 . The tidal volume (FT ml) is accurately determined breath-by-breath (Lindahl, 1977 Two mercury silastic tube strain gauges were used, one in the middle of the sternum and the other 5 cm distal to the xiphoid process. The generated resistance changes from these two strain gauges were recorded with the tracheal and ventilator pressures on an inkjet recorder (Siemens-Elema, EMT 81). Changes in resistance were proportional to the volume changes in the chest and in the abdomen and were linear within the measuring range. The volume changes were expressed as a percentage of the end-inspiratory volume, since absolute volume calibration for each strain gauge was both difficult to achieve and unnecessary for the purpose of the study. Five to 10 deflections were recorded, but no measurable differences occurred between the cycles.
The time needed to reach a terminated deflection of insufflation (< L0 ) from each strain gauge "was measured. In the same way the time needed to reach half this amplitude (t 0 J was measured. In all but experiment no. 7, end-inspiratory plateaux were reached, that is no change in volume or pressure was recorded. The insufflation time (iin^jf) (at static endinspiratory pressure in the trachea) and the time needed to reach static end-inspiratory pressure in the ventilator pressure chamber (< vent ) were measured also ( fig. 1 ).
All records were obtained 15 min after the setting of an adequate ventilation.
TABLE I. Crent
= ventilator volume/pressure quotient; f = ventilatory frequency; P yta * i = pre-inspiratory pressure in the ventilator pressure chamber; -Pp^ = greatest tracheal pressure; P e i = end-inspiratory tracheal pressure; V^ = tidal volume; 'vent = n "" needed for a terminated pressure change in the pressure chamber; t [BBuB = the time needed for reaching end-expiratory pressure in the trachea; r 0 , and t 10 = time for 50% and 100% filling of chest and abdomen during inspiration and 12 were characterized by a low driving pressure (P vent ) and relatively small tidal volumes (low accelerative forces during inspiration). The difference in t Ob for the chest v. the abdomen was statistically significant (P< 0.001). The differences appeared to be greatest in experiments with high driving pressures (high accelerative forces during inspiration (nos 1, 9 and 11)). In most measurements t 10 was less for the chest than for the abdomen (P< 0.01). An exception was in experiment 7, where inspiration was interrupted before the endinspiratory volume was reached ( fig. 3) . A high driving pressure and moderate tidal volumes (9 and 11) resulted in an equal t 10 ( fig. 4) .
It was found that the volume change of the chest structures (t 10 chest ) followed the evacuation of the pressure chamber (* vent ) closely, while the volume change of the abdomen (t 10 aba ) lagged considerably in most cases ( fig. 5A, B; table I ). This was most obvious in experiments with high driving pressure and large tidal volumes.
It was found also that the expiratory flow was mainly affected by distention of the lung and was more rapid in early expiration at larger tidal volumes (i.e. directly proportional to the distending pressure). Furthermore, it was faster for the chest than for the abdomen ( fig. 2) . This difference seemed to be less pronounced when the structures were not expanded to their normal compliance at the commencement of exhalation ( fig. 3) . It was possible to demonstrate a substantial increase in the end-expiratory volume (airtrapping) ( fig. 6A , B) even in these healthy piglets when expiration time was too short (/ = 30 b.p.m. and 50% expiration time). Sybrecht and others (1976) found that the basal parts of the lungs received less of an inhaled gas bolus with increasing speed of voluntary inhalation in supine man. They showed that different resistances in bronchi to apical and diaphragmatic areas could not explain their results. Faithfull, Jones and Jordan (1979) showed that a phase lag between thoracic and abdominal breathing movements occurred with increasing frequency of breathing as registered with strain gauges over the thorax and abdomen. The results of both these studies might be explained by slower or weaker muscle response of the diaphragm/ abdomen compared with the intercostals.
DISCUSSION
In the present experiments all muscles were relaxed. Nevertheless, the chest filled more rapidly than the abdomen, a difference that was more pronounced with rapid insufflation. According to the calculations of Sybrecht and others (1976) , different resistances in airways to areas of lung associated with movement of the diaphragm/abdomen and the chest is an unlikely explanation of the phenomenon. Furthermore, the thoracic volume change in our study was recorded over the middle part of the sternum. Therefore airways leading to lung regions expanding ventrally (chest) and caudally (abdomen) must, to some extent, be the same, which make flowdependent differences in airway resistance an improbable explanation for the differences in time constants. The only remaining cause for the different pattern of movement of chest and abdomen during muscle relaxation is differences in inertia.
If the chest of the piglets is considered as a cylinder with a diameter and length of 10 cm and if it should increase its volume by 200 ml, there would be a change in diameter of about 0.6 cm. If the diaphragm, considered as a piston, should perform the same volume change it must move 2.6 cm. The acceleration of the abdomen would thus be approximately five times greater than that of the chest wall. The chest wall moves in air, while the diaphragm must displace water. The high inertia of the diaphragm/ abdomen will counteract acceleration during the first phase of inflation and retardation during the later phase. This explains the difference in movements of the chest and abdomen shown in figure 3 and causes a small redistribution of gas at the end of inspiration, •demonstrated in figure 5A and B. High inertia of the abdomen in relation to the chest, acting both during inhalation and exhalation, could easily explain the increasing phase shift at greater breathing frequencies found by Faithfull, Jones and Jordan (1979) . In our healthy piglets, using normal sizes of tracheal tube and low expiratory resistance of the circuit, the time needed for a complete expiration was so long that the normal end-expiratory level was not reached at a ventilatory frequency of 30 b.pjn. with an expiration time 50% of the whole breathing cycle. During the first ventilatory cycles FRC increased by more than 30 ml ( fig. 6A, B) with a tidal volume of 140 ml. With a tidal volume of 260 ml at a ventilatory frequency of 10 b.p.m. and an expiration time of 80% of the breathing cycle FRC did not change. In obstructive lung disease expiratory time constants increase more than inspiratory time constants. High inspiratory pressures maintained throughout the inspiration will cause hyperinflation of lung regions with long expiratory time constants (Lindahl, Arborelius and Okmian, 1979) eventually leading to lung rupture (Kirkpatrick, Felman and Eitzman, 1974; Berg et al., 1975; Ogata et aL, 1976) unless long expiration times are used.
With increasing ventilatory frequency the diaphragmatic parts of the lung will take a decreasing part in ventilation and with very high ventilatory frequencies (Jonzon et aL, 1971) 
SUMARIO
Mediante un ventilador-TVM, se ventil6 a tres chanchitos al soltar volumenes predeterminados de gases comprimidos en las vias respiratorias. El flujo inspiratorio depende de la presidn y del volumen del gas comprimido y de la reacci6n, resistencia e inercia de los pulmones, del t6rax y del abdomen del sujeto. La duraci6n para llenar a medias el pecho fue inferior a la del abdomen y la diferencia aument6 cuando la presi6n de compresi6n era alta (con alta acceleraci6n). La diferencia fue por consiguiente el resultado de una mayor inercia del abdomen probablemente. La inercia pareci6 infiuir tambien en el vaciamiento de los pulmones. Fue tan lento que ocurrid un aumento del FRC-retenci6n del aire-en una frecuencia de ventilaci6n de 30 b.p.m. La consecuencia practica de estos resultados indican que el abdomen (diafragma) participara cada vez menos en la ventilacidn y que una brecha de la fase entre la respiraci6n toracica y abdominal se volvera mayor con una creciente frecuencia de ventilacidn. El FRC aumentara en areas con obstruccidn expiratoria y puede acarrear una ruptura de los pulmones.
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